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(57) ABSTRACT 

In a method of multiple-bit programming of a three-dimen 
sional memory device having arrays of memory cells that 
extend in horizontal and vertical directions relative to a sub 
strate, the method comprises first programming a memory 
cell to be programmed to one among a first set of states. At 
least one neighboring memory cell that neighbors the 
memory cell to be programmed to one among the first set of 
states is then first programmed. Following the first program 
ming of the at least one neighboring memory cell, second 
programming the memory cell to be programmed to one 
among a second set of states, wherein the second set of states 
has a number of states that is greater than the number of states 
in the first set of states. 
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PROGRAMMING METHODS FOR 
THREE-DIMIENSIONAL MEMORY DEVICES 
HAVING MULTI-BIT PROGRAMMING, AND 
THREE-DIMIENSIONAL MEMORY DEVICES 

PROGRAMMIED THEREBY 

RELATED APPLICATIONS 

This application is a continuation application of U.S. 
patent application Ser. No. 12/818.285, filed on Jun. 18, 2010, 
which claims priority under 35 U.S.C. 119 to Korean Patent 
Application No. 10-2009-0055073, filedon Jun. 19, 2009, the 
content of which is incorporated herein by reference in its 
entirety. 

BACKGROUND 

With the continued emphasis on highly integrated elec 
tronic devices, there is an ongoing need for semiconductor 
memory devices that operate at higher speeds and lower 
power and have increased device density. To accomplish this, 
devices with aggressive Scaling and multiple-layered devices 
with transistor cells arranged in horizontal and vertical arrays 
have been under development. 

Non-volatile memory devices, for example flash memory 
devices, are programmed as single-level cells (SLC), in that 
each cell Stores a single bit of data. In order to increase 
memory size, research efforts have explored multi-level cell 
(MLC) programming. In MLC programming, also referred to 
herein as “multiple-bit”, or “multi-bit”, cell programming, 
two or more bits of data are stored in each cell. For example, 
in the case where two bits of data are stored in a memory cell, 
least significant bit (LSB) data and most significant bit (MSB) 
data are stored in each cell. In other words, in a case where a 
data value 10 is stored in a memory cell, the MSB data is “1” 
and the LSB data is “0” By adopting multi-bit programming, 
memory capacity can be increased without increasing 
memory size. 
As devices continue to become reduced in size due to 

further integration, there is an increased likelihood of inter 
cell interference during multi-bit programming, which can 
lead to erroneous data programming and reduced reliability. 

SUMMARY 

Embodiments of the present invention are directed to meth 
ods of programming memory devices that address and over 
come the limitations of the conventional methods. Further, 
embodiments of the present invention are directed to memory 
devices programmed according to methods that address and 
overcome such limitations, as well as systems employing 
Such memory devices. In particular, embodiments of the 
present invention provide multi-bit programming methods 
for three-dimensional memory devices, that mitigate or pre 
vent inter-cell interference during programming. 

In one aspect, a method of multiple-bit programming of a 
three-dimensional memory device having arrays of memory 
cells that extend in horizontal and vertical directions relative 
to a Substrate comprises: first programming a memory cell to 
be programmed to one among a first set of states; first pro 
gramming at least one neighboring memory cell that neigh 
bors the memory cell to be programmed to one among the first 
set of States; and following the first programming of the at 
least one neighboring memory cell, second programming the 
memory cell to be programmed to one among a second set of 
states, wherein the second set of states has a number of states 
that is greater than the number of states in the first set of states. 
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2 
In one embodiment, the set of States comprises a set of 

discrete charge levels that correspond to a set of threshold 
Voltages for the memory cells at a time when the memory 
cells are sensed during a read operation. 

In another embodiment, the at least one neighboring 
memory cell neighbors the memory cell to be programmed in 
one of a first horizontal direction, a second horizontal direc 
tion; and the vertical direction. 

In another embodiment, the at least one neighboring 
memory cell neighbors the memory cell to be programmed in 
a diagonal direction that extends in one of: both the first 
horizontal and vertical directions; both the second horizontal 
and vertical directions; and both the first horizontal and sec 
ond horizontal directions. 

In another embodiment, first programming the at least one 
neighboring memory cell comprises performing first pro 
gramming a plurality of neighboring memory cells that 
neighbor the memory cell to be programmed. 

In another embodiment, the at least one neighboring 
memory cell neighbors the memory cell to be programmed in 
the horizontal direction. 

In another embodiment, the at least one neighboring 
memory cell neighbors the memory cell to be programmed in 
the vertical direction. 

In another embodiment, the at least one neighboring 
memory cell neighbors the memory cell to be programmed in 
a diagonal direction. 

In another embodiment, the first and second sets of States 
each comprise a range of defined threshold Voltage levels that 
correspond to a predetermined data value. 

In another embodiment, the second set of states is four 
states, corresponding to two-bit data values and wherein the 
first programming programs one of the least-significant-bit of 
the data value and the most-significant bit of the data value 
and wherein the second programming programs the other of 
the least-significant-bit of the data value and the most-signifi 
cant bit of the data value. 

In another embodiment, memory cells neighboring each 
other in the vertical direction are connected in series in a cell 
string along a vertical channel; cell Strings neighboring each 
other in a first horizontal direction are connected to a common 
bit line; cell strings neighboring each other in a second hori 
Zontal direction are connected to a common string select line; 
and gates of cells positioned on a same horizontal plane are 
connected to a common word line. 

In another embodiment, the first programming of the 
memory cell to be programmed is performed on a memory 
cell of a cell String connected to a first string select line and 
connected to a first word line; the first programming of the at 
least one neighboring memory cell that neighbors the 
memory cell to be programmed is performed on a memory 
cell of a cell string connected to the first string select line and 
connected to a second word line that neighbors the first word 
line, and wherein second programming the memory cell to be 
programmed to one among a second set of states is performed 
on the memory cell of the cell string connected to the first 
string select line and connected to the first word line. 

In another embodiment, the multiple-bit programming 
method proceeds in a minimum-to-maximum word line 
direction for memory cells connected to each of the string 
select lines. 

In another embodiment, the multiple-bit programming 
method proceeds in a minimum-to-maximum word line 
direction for memory cells connected to a first set of the string 
select lines, and proceeds in a maximum-to-minimum word 
line direction for memory cells connected to a second set of 



US 8,767,473 B2 
3 

the string select lines, wherein the first set and second set of 
string select lines are alternating. 

In another embodiment, the first programming of the 
memory cell to be programmed is performed on a memory 
cell of a cell String connected to a first string select line; the 
first programming of the at least one neighboring memory 
cell that neighbors the memory cell to be programmed is 
performed on a memory cell of a cell String connected to a 
second string select line that neighbors the first string select 
line, and further comprising: first programming a second 
neighboring memory cell that neighbors the at least one 
neighboring memory cell to be programmed to one among the 
first set of States, the second neighboring memory cell con 
nected to a third string select line that neighbors the second 
string select line opposite the first string select line; and 
wherein second programming the memory cell to be pro 
grammed to one among a second set of states follows the first 
programming of the second neighboring memory cell. 

In another embodiment, the first programming of the 
memory cell to be programmed is performed on a memory 
cell of a cell String connected to a first string select line; the 
first programming of the at least one neighboring memory 
cell that neighbors the memory cell to be programmed is 
performed on a memory cell of a cell String connected to a 
second string select line that neighbors the first string select 
line, and further comprising: first programming a second 
neighboring memory cell that neighbors the memory cell to 
be programmed to one among the first set of states, the second 
neighboring memory cell connected to the first string select 
line; and wherein second programming the memory cell to be 
programmed to one among a second set of States follows the 
first programming of the second neighboring memory cell. 

In another embodiment, the first sets of cell strings com 
prise memory cells that are activated in response to a first set 
of word lines and wherein second sets of cell Strings comprise 
memory cells that are activated in response to a second set of 
word lines, wherein the cell strings of the first sets of cell 
strings and cell Strings of the second sets of cell Strings alter 
nate in horizontal position in the second horizontal direction, 
and wherein the cell to be programmed is associated with a 
cell string of the first set of cell strings and wherein the at least 
one neighboring memory cell is associated with a cell String 
of the second set of cell strings. 

In another embodiment, the method further comprises par 
titioning cell strings connected to the same bit line into first 
and second blocks and wherein first and second programming 
of memory cells of the first block are completed prior to first 
and second programming of memory cells of the second 
block. 

In another embodiment, the method further comprises par 
titioning memory cells of cell strings connected to neighbor 
ing word lines into first and second blocks and wherein first 
and second programming of memory cells of the first block 
are completed prior to first and second programming of 
memory cells of the second block. 

In another aspect, a memory system comprises: a memory 
controller that generates command and address signals; a 
memory module comprising at least one three-dimensional 
memory device having arrays of memory cells that extend in 
horizontal and vertical directions relative to a substrate, the 
memory module receiving the command and address signals 
and in response storing and retrieving data to and from the at 
least one three-dimensional memory device. Each three-di 
mensional memory device is programmed in a multiple bit 
programming operation by: first programming a memory cell 
to be programmed to one among a first set of states; first 
programming at least one neighboring memory cell that 
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4 
neighbors the memory cell to be programmed to one among 
the first set of states; and following the first programming of 
the at least one neighboring memory cell, second program 
ming the memory cell to be programmed to one among a 
second set of States, wherein the second set of States has a 
number of states that is greater than the number of states in the 
first set of states. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the embodiments of the invention will be apparent from the 
more particular description of preferred embodiments of the 
inventive concept, as illustrated in the accompanying draw 
ings in which like reference characters refer to the same parts 
throughout the different views. The drawings are not neces 
sarily to Scale, emphasis instead being placed upon illustrat 
ing the principles of the inventive concept. In the drawings: 

FIG. 1, is a block diagram of a memory device in accor 
dance with embodiments of the present invention. 

FIG. 2 is a block diagram of the memory cell array of the 
memory device of FIG.1, in accordance with embodiments of 
the inventive concepts. 

FIG. 3 is a schematic diagram of a three-dimensional 
memory cell array in accordance with embodiments of the 
inventive concepts. 

FIG. 4 is a perspective diagram illustrating cell-to-cell 
coupling for a VNAND-device having a vertical active region 
that is configured in a bar shape. 

FIGS. 5-15 are schematic diagrams illustrating various 
programming methods for multi-bit programming in three 
dimensional memory devices in accordance with embodi 
ments of the inventive concepts. 

FIG.16 is a block diagram of a memory card that comprises 
a semiconductor device in accordance with the embodiments 
of the inventive concepts. 

FIG. 17 is a block diagram of a memory system that 
employs a memory module, for example, of the type 
described herein, in accordance with the embodiments of the 
inventive concepts. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Embodiments of the present inventive concept will now be 
described more fully hereinafter with reference to the accom 
panying drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be embod 
ied in different forms and should not be construed as limited 
to the embodiments set forth herein. Like numbers refer to 
like elements throughout the specification. 

It will be understood that, although the terms “first”, “sec 
ond', etc. are used hereinto describe various elements, these 
elements should not be limited by these terms. These terms 
are used to distinguish one element from another. For 
example, a “first element could be termed a “second ele 
ment, and, similarly, a 'second’ element could be termed a 
“first element, without departing from the scope of the 
present invention. As used herein, the term “and/or includes 
any and all combinations of one or more of the associated 
listed items. 

It will be understood that when an element is referred to as 
being “on” or “connected' or “coupled to another element, it 
can be directly on or connected or coupled to the other ele 
ment or intervening elements can be present. In contrast, 
when an element is referred to as being “directly on' or 
“directly connected” or “directly coupled to another ele 
ment, there are no intervening elements present. Other words 
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used to describe the relationship between elements should be 
interpreted in a like fashion (e.g., “between versus “directly 
between.” “adjacent versus “directly adjacent, etc.). When 
an element is referred to herein as being “over another ele 
ment, it can be over or under the other element, and either 
directly coupled to the other element, or intervening elements 
may be present, or the elements may be spaced apart by a Void 
Orgap. 

In regard to a programming method Such as, for example, 
multi-bit programming, the term “upper is used in the local 
sense, and not in the geometrical sense. In other words, the 
term upper may refer to the directional position in which 
shadow programming is performed. For example, if program 
ming is performed in a direction from word line WLk to word 
line WL1, then the word line WL1 is an “upper” word line 
relative to word line WL2. If programming is performed in a 
direction from word line WL1 to word line WLk, then the 
WL2 word line is an “upper word line relative to word line 
WL1. 
The terminology used herein is for the purpose of describ 

ing particular embodiments and is not intended to be limiting 
of the invention. As used herein, the singular forms “a,” “an 
and “the are intended to include the plural forms as well, 
unless the context clearly indicates otherwise. It will be fur 
ther understood that the terms “comprises.” “comprising.” 
“includes and/or “including, when used herein, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 
As used herein, the Z direction refers to a direction in 

which a string selection line (SSL) extends, and is perpen 
dicular to the direction in which a bit line extends, in accor 
dance with embodiments described herein. The X direction 
refers to a direction in which a bit line extends, and is perpen 
dicular to the direction that a SSL extends, inaccordance with 
embodiments described herein. The Y direction refers to a 
vertical direction, which is vertical relative to the substrate 
and is parallel to the direction of extension of the vertical 
channel or vertical active region in a vertically configured 
memory device, such as a VNAND device, in accordance 
with embodiments described herein. 

FIG. 1 is a block diagram of a memory device in accor 
dance with embodiments of the present invention. FIG. 2 is a 
block diagram of the memory cell array of the memory device 
of FIG. 1, in accordance with embodiments of the present 
invention. 

Referring to FIGS. 1 and 2, a memory device 1100 com 
prises a memory cell array 1110, control logic 1120, a voltage 
generator 1130, a row decoder 1140, a page buffer 1150, and 
a column decoder 1160. The memory cell array 1110 is com 
prised of a plurality of memory cells which are connected to 
word lines and bit lines. The memory cells may be arranged in 
a NAND or NOR memory cell configuration. In the case of a 
NAND structure, the memory cells are arranged in series to 
form cell Strings. Memory cells connected to the same string 
share a common bit line. 

Control logic 1120 is configured to control overall opera 
tion of the memory device. The control logic controls the 
sequential operations regarding programming, erase and 
reading actions. For example, control logic 1120 transmits 
signals to the voltage generator 1130, the row decoder 1140 
and the column decoder 1160 in accordance with the opera 
tion to be performed, for example, erase, programming, and 
read operations. 
The voltage generator 1130, controlled by the control logic 

1120, generates Voltages to be applied to components of the 
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6 
memory device Such as selected word lines, unselected word 
lines, string select lines SSL, ground select lines GSL, and 
common source lines CSL. The voltage 1130 generator also 
generates the various Voltage levels such as the Vpass, Vread, 
Verase, and V step Voltages required for performing the device 
operations. 
The row decoder 1140, controlled by the control logic 

1120, drives the word lines WLk, string select lines SSL, 
ground select lines GSL, and common Source lines CSL, in 
response to the row address. For example, in a programming 
operation, the row decoder applies a programming Voltage 
Vpgm to a selected word line and a pass Voltage Vpass to an 
unselected word line. 
The page buffer 1150 operates as a sense amplifier and/or 

a write driver. In a reading operation, the page buffer reads 
data from a memory cell array 1110. The page buffer detects 
a bit line voltage, and latches the data to be detected. In a 
programming operation, depending on data I/O that is input 
through a column decoder 1160, the page buffer 1150 drives 
a power Voltage Vcc or a ground Voltage OV to the corre 
sponding bit lines. 
The column decoder 1160 reads latched data from the page 

buffer 1150, or delivers data to the page buffer in response to 
a column address. In other words, the column decoder 1160 
determines which signals of the bit lines BLn of the device 
read by the page buffer 1150 are to be used in determining 
data values that are read, or determines Voltages that are 
applied to the bit lines BLn during programming and erase 
operations. 

FIG. 2 is a block diagram of the memory cell array 1110 of 
the memory device 1100 of FIG. 1, in accordance with 
embodiments of the present invention. In FIG. 2, it can be 
seen that the row decoder 1140 applies the various voltage 
levels to the one of or more string select lines SSL, the word 
lines WLk, the ground select line GSL, and the common 
source line CSL. The page buffer 1150 is connected to the bit 
lines BLn of the device 1110. 

Referring to FIG. 2, a memory cell array 1110 comprises a 
plurality of word lines WL1 ... WLk, a plurality of bit lines 
BL1 ... BLn, and a plurality of memory cells M1 ... M. 
Word lines of the memory cell array are connected to a row 
decoder 1140. The row decoder 1140 is connected to the SSL, 
the word lines, the GSL and the CSL. Bit lines BLn of the 
memory cell array are connected to page buffers 1150. Cells 
can be arranged in two dimensions and recently, Vertical 
NAND channel configurations have been investigated to 
increase the density of non-volatile memory devices as one 
type of three-dimensional memory device. One such vertical 
NAND channel structure is discussed in “Bit Cost Scalable 
Technology (BICS) With Punch and Plug Process For Ultra 
High Density Flash Memory.” by H. Tanaka et al. in Symp. 
On VLSI Tech. Dig., pp 14-15(2007). Meanwhile, US Patent 
Publication No. 2009-0121271 entitled 'Vertical-type Non 
Volatile Memory Devices discloses a vertical NAND having 
a metal gate and a method of forming the same. The disclo 
sures of the above article and US publication are incorporated 
herein by reference in their entirety. A detailed explanation of 
BICS devices is available in United States Patent Application 
Publication No. 2007/0252201 entitled “Nonvolatile Semi 
conductor Memory Device and Manufacturing Method 
Thereof.” which is also herein incorporated by reference. 

Non-volatile memory devices, for example flash memory 
devices, can be programmed as single-level cells (SLC), in 
that each cell Stores a single bit of data. In order to increase 
memory size, research efforts have explored multi-bit cell 
(MLC) programming. In MLC programming, two or more 
bits of data are stored in each cell. For example, in the case 



US 8,767,473 B2 
7 

where two bits of data are stored in a memory cell, least 
significant bit (LSB) data and most significant bit (MSB) data 
are stored in each cell. In other words, in a case where a data 
value 10 is stored in a memory cell, the MSB data is “1” and 
the LSB data is “0” By adopting multi-bit programming, 
memory capacity can be increased without increasing 
memory size. While embodiments described herein illustrate 
the programming of two bits of data in three-dimensional 
multi-bit cell memory devices, multi-bit programming of 
more than two bits of data in each cell can be applied to the 
present inventive concepts. 

In this regard, if the sequence of the programming opera 
tion is such that after MSB data is programmed in a given 
memory cell, LSB data is then programmed in a memory cell 
neighboring, or spatially next to, the given memory cell, the 
data previously programmed in the memory cell can be inad 
vertently changed by cell disturbance due to cell-to-cell cou 
pling of adjacent cells. For example, if LSB data are pro 
grammed in memory cells associated with WL2 after both 
LSB and MSB are programmed in memory cells associated 
with WL1, the LSB or MSB data programmed in memory 
cells associated with WL1 may be inadvertently changed due 
to cell disturbance. In the programming of a 3D device, there 
is another disturbance that can occur in a horizontal direction 
between cells of the same plane and also in a vertical direction 
between cells of different levels of neighboring cell planes. 
Disturbance can also occur for cells neighboring each otherin 
a horizontal diagonal direction, a vertical diagonal direction 
and a both-horizontal-and-vertical direction. This distur 
bance becomes more serious as devices are more aggressively 
scaled down and as the number of adjacent cells increases. 

Meanwhile, another limitation of a three dimensional 
device arises due to different speed of programming that is 
present between multi-bit programming of LSB data and 
MSB data. In general, LSB programming speed is faster than 
that of MSB programming speed. Thus, as the number of cell 
arrays increases, the programming speed among cells of the 
same plane in a block may be non-uniform and thus can 
become noticeable to a user. 

In order to prevent this unwanted phenomenon caused by 
the cell disturbance, a pattern of ordering programming can 
be adopted. In an alternative approach, the programming of 
MSB data can follow the programming of LSB data of an 
adjacent cell. 

In one example, the first programming operation, for 
example, the LSB programming operation, places the cell in 
one among a first set of states, for example programs the cell 
to have a threshold Voltage corresponding to a 11 State or a 
XO State. In a second programming operation, for example, 
the MSB programming operation, the cell is placed in one 
among a second set of states, for example, in a threshold 
voltage corresponding to a 11 state, a 01 state, a 10 state, 
or a 00 state. In this manner, the second set of states has a 
number of states that is greater than the number of states in the 
first set of states. 

For programming a multi-bit memory cellofa three dimen 
sional device, cell-to-cell coupling, or cell-to-cell interfer 
ence can often occur when there is a large change, or span, 
in the threshold voltage Vth of a cell, for example, due to a 
programming operation from the 00 state (-3V) to the 11 
state (+4V), resulting in a total change in threshold Voltage of 
7V. As a result, neighboring cells can likewise be subject to a 
large shift in threshold voltage. This includes memory cells 
that neighbor the memory cell to be programmed within the 
same memory cell string, as well as memory cells that share 
the same word line as the memory cell to be programmed. 
This undesirable phenomenon is more significant with the 
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8 
industry trend toward further integration of memory devices. 
The lower span of Voltage change during programming of 
LSB from an erase state to an LSB programmed State may 
reduce or remove unwanted data change. Thus, the LSB pro 
gramming operation of an adjacent memory cell would not 
adversely affect the programmed memory cell. In this regard, 
the span of Voltage change refers to the magnitude of Voltage 
change from the initial state to the resultant state. It should be 
noted that even though the multiple-programmed cell in the 
embodiments described herein is a two-bit multiple-cell, 
embodiments of the present invention are not restricted to 
two-bit multi-cell programming; but rather can be adopted to 
n-bit multi-cell programming in accordance with the techni 
cal concept of the present invention. Also, the programming 
operations according to the present embodiments can be 
according to various patterns, for example in a horizontal 
pattern, in a vertical pattern, or in a block pattern. 

Multi-bit cell programming in accordance with the present 
embodiments alleviates this problem by programming a cell 
in more than one step to ensure that there is no direct transi 
tion between the statehaving the lowest threshold voltage and 
the state having the highest threshold Voltage. In the example 
given above, the multi-bit programming of the present inven 
tion ensures that no cells transition between the '00' and 11 
state, thereby limiting the amount of Vth transition during a 
given programming operation. 
The multi-bit programming operation in accordance with 

the present embodiments accomplishes its objective in two 
ways. First, the multi-bit programming operation of the 
present invention performs programming on one bit of the 
data at a time. For example, the least significant bit (LSB) is 
first programmed in an initial programming operation, fol 
lowed by programming of the most significant bit (MSB) in a 
Subsequent programming operation. Second, the multi-bit 
programming operation of the present invention avoids pro 
gramming of neighboring memory cells of the same cell 
string during consecutive programming operations. 

It should be noted that the multi-bit programming opera 
tion of the present invention, for example for a three dimen 
sional memory configuration, may be conducted according to 
various patterns or sequences, which will be described in 
connection with the following drawings in the specification. 
It should be also noted that for a three dimensional device, all 
bit lines can be shared by the same page buffer, and memory 
cells associated with bit lines connected to a common SSL 
can be programmed at the same time for fast operation. Alter 
natively, neighboring bit lines BLi, and BLi+1 can be shared 
by the same page buffer and memory cells associated with 
even bit lines BLican be programmed at a different time from 
those associated with odd bit lines BLi+1 for prohibiting 
crosstalk between neighboring bit lines. 

FIG. 3 is a schematic diagram of a three-dimensional 
memory cell array in accordance with embodiments of the 
present application. Programming methods according to 
embodiments of the present application can be applied to 
three-dimensional memory devices such as BICS and TCAT 
devices. As described above, BICS and TCAT devices com 
prise vertical memory cell strings wherein the memory cells 
connected to the String are arranged along a vertical channel. 

Referring to FIG. 3, in this example, a three-dimensional 
memory device is configured as a vertical-NAND device that 
includes a cell array, comprising a plurality of memory 
strings, which contain Vertical active regions, which can be 
referred to as vertical channels, that extend in a vertical direc 
tion. Memory cell transistors formed along a common verti 
cal active region are arranged in series to form a cell String 
CSTR. An upper-most transistor of a cell string CSTR is 
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referred to as an upper select transistor or a string selection 
transistor SST and a lower-most select transistor of a cell 
string is referred to as a lower select transistor or a ground 
select transistor GST. Memory cell transistors MC are 
arranged between the upper select transistor SST and the 
lower select transistor GST of a cell string CSTR. 

In this regard, the memory cell array can be divided into a 
plurality of blocks. The definition of a block herein may be a 
unit for erase operation. However a block may be a set of cells 
physically or logically grouped. For example, a set of cells 
that share a common word line may be defined as a block. 
Alternatively, a set of cells that share common source line 
(CSL) may be defined as a block. The block may be further 
partitioned into a plurality of Sub-blocks, each comprising a 
unit for purposes of programming operations. 

The tops of the vertical active regions arranged in a first 
horizontal direction H1 (along X direction) are connected to 
each other along bit lines BLn. The bottoms of the vertical 
active regions are connected to each other along a common 
source line CSL. Gates of the upper select transistors SST 
arranged in a second horizontal direction H2 (along Z direc 
tion) are connected to each other along string select lines 
SSLn. Gates of the lower select transistors GST may or may 
not be connected to each other to provide a lower select line or 
ground select line GSL. Gates of the memory cell transistors 
MC sharing a common vertical row are connected to each 
other to provide word lines WLO, WL1 ... WLn. Word lines 
WLn of different rows are independent from each other. 

Multi-bit programming can be applied to three-dimen 
sional memory devices, such as the vertical-NAND BICS and 
TCAT devices. However, such multi-bit programming intro 
duces additional complexities that are not presented in planar 
devices. For example, in a two-dimensional planar device, 
cell coupling is a problem only in the planar direction of the 
word line; however, in a three-dimensional device, cell cou 
pling can also occur in the direction of extension of the string 
select line SSL. Also, in a three-dimensional device, an addi 
tional cell coupling can occur between cells of the same 
Vertical plane, and between cells that lie along adjacent ver 
tical planes. Cell coupling can also occur in the diagonal 
direction between cells of the same vertical plane, and 
between cells that lie along adjacent vertical planes. The 
relative seriousness of the coupling increases with increased 
device integration. Further, for a three-dimensional device 
where the shape of vertical active region is generally in that of 
a vertically oriented column or bar, the cell coupling of neigh 
boring active regions that oppose and face each other can be 
large. The amount of cell coupling between adjacent cells can 
be alleviated by adjusting the programming order or program 
ming sequence of memory cells of the device. 

Further, the difference of programming speed for MSB and 
LSB may have a poor influence on device performance. The 
programming speed of LSB data can be higher than the pro 
gramming speed of MSB data for a given cell. Thus, as the 
number of cell arrays increases, the programming speeds 
among cells of the same plane within a block may be non 
uniform so that a user can perceive a difference in speed. 
Certain embodiments of the present inventive concept 
employ multi-bit programming in a manner that takes advan 
tage of MSB and LSB programming in turn. Thus, the pro 
gramming speed may be managed by the multi-bit program 
ming of the present invention in a manner that resolves or 
alleviates this discrepancy. 

Embodiments of the present inventive concept address and 
alleviate the problems of cell disturbance in the vertical, 
horizontal or diagonal directions, and mitigate the problems 
associated with variance in programming speed. 
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FIG. 5 is a schematic diagram illustrating a programming 

method for multi-bit cell programming in a three-dimen 
sional memory device. A programming order is illustrated 
that limits cell disturbance. 

In the embodiment of FIG. 5, the sequence of program 
ming memory cells is conducted in an upward direction from 
memory cells of lower position closer to the ground select 
transistor GST to memory cells of higher position closer to 
the string select transistor SST. Memory cells sharing the 
same string select line of a first layer are first programmed, 
followed by memory cells sharing the next higher string 
select line of second layer, followed by memory cells sharing 
the next higher string select line of third layer, and so forth. 

Initially, the memory cells of a first layer are programmed. 
First, as indicated by program number 1, the LSB of the data 
to be programmed in memory cells of the first layer are 
programmed. Next, as indicated by program number 2, the 
LSB of the data to be programmed in memory cells of a 
second layer is programmed instead of direct programming of 
the MSB of memory cells of the first layer. Next, as indicated 
by program number 3, the MSB of the data to be pro 
grammed in memory cell of the first layer is programmed. 
Next, as indicated by program number 4, the LSB of the data 
to be programmed in memory cell of a third layer is pro 
grammed. Next, as indicated by program number 5, the 
MSB of the data to be programmed in memory cell of the 
second layer is programmed. Next, as indicated by program 
number 6, the LSB of the data to be programmed in memory 
cell of the third layer is programmed. When the programming 
of a plurality of cell strings connected to a first string select 
line SSL0 is finished, the programming of a plurality of 
strings connected to a second string select line SSL1 com 
mences. Next, as indicated by program number 7, the LSB 
of the data to be programmed in memory cells of the first layer 
are programmed. Next, as indicated by program number 8, 
the LSB of the data to be programmed in memory cells of a 
second layer is programmed instead of direct programming of 
the MSB of memory cells of the first layer. Next, as indicated 
by program number 9, the MSB of the data to be pro 
grammed in memory cell of the first layer is programmed. 
Next, as indicated by program number 10, the LSB of the 
data to be programmed in memory cell of a third layer is 
programmed. Next, as indicated by program number 11, the 
MSB of the data to be programmed in memory cell of the 
second layer is programmed. Next, as indicated by program 
number 12, the LSB of the data to be programmed in 
memory cell of the third layer is programmed. As such, multi 
bit programming is performed in an upward vertical direction 
of the y-axis. In an alternative embodiment, the sequence of 
programming memory cells can be conducted in an down 
ward vertical direction from memory cells of a higher posi 
tion closer to the string selection transistor SST to memory 
cells of lower position closer to the ground select transistor 
GST. The upward direction is herein defined as minimum 
to-maximum word line direction and the downward direction 
is defined as maximum-to-minimum word line direction.. In 
certain embodiments, the memory cells associated with a first 
cell String can be programmed in a minimum-to-maximum 
direction, and the memory cells associated with a second cell 
string, for example, a second cell String that neighbors the first 
cell String, can be programmed in a maximum-to-minimum 
direction. 

In this regard, referring to FIG. 6 when viewed along the 
z-direction in which the string select line SSL extends and in 
a direction perpendicular to the bit lines BLi, all bit lines can 
be selected at the same time. Alternatively, one group of bit 
lines that are connected to a common string select line SSL, 
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for example, bit lines of even number may be selected and 
programmed at a time and the other group of bit lines that are 
connected to the common SSL, for example bit lines of odd 
number can be separately selected and sequentially pro 
grammed as described below in connection with FIG. 7. 

Referring to FIG. 7, in other words, in the z-direction in 
which the string select line SSL extends, memory cells of the 
same layer may be grouped in at least two groups. In this 
arrangement, a first group of memory cells are first pro 
grammed, for example, the cells connected to the even bit 
lines BL0, BL2, BLi-2, and then one or more other groups of 
cells, for example, the cells connected to the odd bit lines 
BL1, BL3, BLi-1 are subsequently programmed. During the 
time when a group of memory cells is programmed, memory 
cells of the other groups of cells can be program-inhibited. 
This manner of programming can be effective for device 
configurations where cell coupling between adjacent strings 
is significant in the z-direction in which the SSL extends. 

According to the embodiment of FIGS. 6 and 7, and other 
embodiments described herein, a multi-bit programming 
operation is performed in a manner that ensures that MSB 
programming of a first cell does not occur prior to LSB 
programming of a second cell that neighbors the first cell in 
the word-line direction, or, in other words, in the vertical or 
y-axis direction. This programming method mitigates or 
eliminates cell coupling that can otherwise occur between 
cells that neighbor each other in the vertical direction. 

FIG. 8 is a schematic diagram illustrating another program 
ming method for multi-bit programming in a three-dimen 
sional memory device. 

In the embodiment of FIG. 8, a memory cell associated 
with the first string select line SSL (SSL0 in this figure) is 
first programmed, followed by a memory cell associated with 
the neighboring string select line SSL (SSL1, in this figure), 
followed by a memory cell associated with the next neigh 
boring string select line SSL (SSL2, in this figure), and so 
forth. While this embodiment illustrates a programming pro 
gression in a direction from a lower string select line SSL to 
a neighboring upper string select line SSL, the progression 
can also, in other embodiments, occur in a direction from an 
upper string select line SSL to a neighboring lower string 
select line SSL. In the present embodiment, interference due 
to coupling between memory cells is mitigated not only in the 
word line direction, or vertical direction (along the Z direc 
tion), but also in the string select line SSL direction, or in the 
first horizontal direction H1 of extension of the bit lines 
(along X direction). A detailed progression of this program 
ming operation will now be provided. 

Initially, the memory cells constituting the first cell String 
coupled to, or associated with, the string select line SSL are 
selected for programming by enabling the string select line 
SSL. The LSB of the data to be programmed in the memory 
cell connected to SSL0 and in the first layer is programmed, 
as indicated by program number 1. 

Next, the memory cells constituting the second cell String 
that are associated with the string select line SSL are selected 
for programming by enabling the string select line SSL. The 
LSB of the data to be programmed in the memory cell con 
nected to SSL1 and in the first layer is programmed, as indi 
cated by program number 2. 

Next, the memory cells constituting the third cell string that 
are associated with the string select line SSL are selected for 
programming by enabling the string select line SSL. The 
LSB of the data to be programmed in the memory cell con 
nected to SSL2 and in the first layer is programmed, as indi 
cated by program number 3. 
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Next, the memory cells constituting the fourth cell string 

that are coupled to the string select line SSL are selected for 
programming by enabling the string select line SSL. The 
LSB of the data to be programmed in the memory cell con 
nected to SSL3 and in the first layer is programmed, as indi 
cated by program number 4. 

After programming the LSB data of memory cells con 
nected to a first layer and before programming the MSB data 
of the cells comprising the first layer, the memory cells con 
stituting the first cell string connected to the String select line 
SSL are selected for programming by enabling the string 
select line SSL. The LSB of the data to be programmed in the 
memory cell associated with SSL0 and in a second layer is 
programmed, as indicated by program number 5. 

Next, the memory cells constituting the second cell String 
connected to the string select line SSL are selected for pro 
gramming by enabling the string select line SSL. The LSB of 
the data to be programmed in the memory cell associated with 
SSL1 and in the second layer is programmed, as indicated by 
program number 6. 

Programming of LSB data for memory cells of the second 
layer proceeds in the manner described above, as indicated by 
program numbers 7 and 8. Following this, programming 
of MSB data of the memory cells of the first layer is per 
formed in the manner described above, as indicated by pro 
gram numbers 9, 10, 11, and 12. Following this, pro 
gramming of LSB data of the memory cells of the third layer 
is performed in the manner described above, as indicated by 
program numbers 13, 14, 15, and 16 Following this, 
programming of MSB data of the memory cells of the second 
layer is performed in the manner described above, as indi 
cated by program numbers 17, 18, 19, and 20. Pro 
gramming of memory cells continues in this manner. 

According to the embodiment of FIG. 8, a multi-bit cell 
programming operation is performed in a manner that ensures 
that MSB programming of a first cell does not occur prior to 
LSB programming of a second cell that neighbors the first cell 
in the word-line direction, or in the vertical direction. Also, 
the multi-bit programming operation of FIG. 8 is further 
performed in a manner that ensures that MSB programming 
of a first cell does not occur prior to LSB programming of a 
second cell that neighbors the first cell in the string select line 
SSL direction, or neighbor each other in the first horizontal 
direction (along X direction). This programming method 
eliminates or mitigates cell coupling that can otherwise occur 
between cells that neighboreach other in the vertical direction 
or in the first horizontal direction. 

For a three-dimensional device such as BICS and TCAT 
devices, word lines of the same plane Such as those among the 
first, second, and third layers are typically electrically con 
nected and thus operate as one, common word line on each 
plane. Thus, unselected memory cells associated with the 
same word line are also Subject to the same programming 
Voltage Vpgm during the programming operation of the 
selected memory cell, which can adversely impact device 
lifespan, or device endurance. 

Another advantage of programming in the horizontal 
direction is manifested in a VNAND device configuration 
where the string active region is in the shape of a vertical bar. 
FIG. 5 is a diagram illustrating cell-to-cell coupling for a 
VNAND-device having a vertical active region that is con 
figured in a bar shape. In FIG. 5, it can be seen that opposed 
vertical channels 202A, 202B are parallel to each other, and 
spaced apart from each other. Word lines 204A, 204B extend 
in the horizontal direction, each word line 204A, 204B being 
on a different level. As the cell pitch, or the distance between 
opposed, neighboring, cells provided on the vertical channels 
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202A, 202B decreases, cell-to-cell coupling is relatively high 
in the vertical bar configuration, in comparison with a 
VNAND having a cell string active region that is in a vertical 
pillar or tubular shape. For example, cell-to-cell coupling can 
occur in the vertical direction, in the first horizontal direction, 
and in the diagonal direction including both vertical and first 
horizontal components. Also, in some VNAND devices, two 
opposing vertically oriented active regions 202A, 202B can 
be configured to face each other without intervention of con 
ductive material, and thus, a memory cell can be subject to 
additional cell-to-cell coupling in the second horizontal 
direction. 

FIG.9 is a schematic diagram illustrating another program 
ming method for multi-bit programming in a three-dimen 
sional memory device by grouping memory cell Strings and 
programming them in the horizontal or vertical direction. 

In three dimensional memory devices, strings of a certain 
number can be grouped. For example, strings associated with 
string selection lines SSL0 and SSL1 may be grouped in a first 
group, and strings associated with to string selection lines 
SSL2 and SSL3 may be grouped in a second group. Even 
though four strings are illustrated in FIG.9 for the purpose of 
illustration, it is understood that other numbers of plurality of 
strings may constitute a cell array. Referring to FIG. 9, the 
programming of memory cells of a first group is first con 
ducted and then the programming of memory cells of a sec 
ond group is conducted. Other groups in the array can be 
programmed in similar fashion. Memory cells that lie on the 
same layer or plane can also be grouped together. 

All bit lines BLX associated with the same, common, SSL 
can be selected for the programming operation of memory 
cells grouped by a certain grouping. Alternatively, memory 
cells associated with some of bit lines BLX that are associated 
with a particular SSL, for example, either of even or odd bit 
lines may be selected and their respective memory cells pro 
grammed and the other of even or odd bit lines are subse 
quently selected and their respective memory cells pro 
grammed. 

In the embodiment of FIG. 9, a memory cell associated 
with the first string select line SSL (SSL0 in this figure) is 
first programmed, followed by a memory cell associated with 
the neighboring string select line SSL (SSL1, in this figure), 
followed by a memory cell associated with the next neigh 
boring string select line SSL (SSL2, in this figure). While 
this embodiment illustrates a programming progression in a 
direction from a lower string select line SSL, to a neighboring 
upper string select line SSL, the progression can also, in 
other embodiments, occur in a direction from an upper string 
select line SSL to a neighboring lower string select line 
SSL. In the present embodiment, unwanted cell-to-cell cou 
pling between memory cells is mitigated not only in the word 
line direction, or vertical direction (along the Z axis), but also 
in the string select line SSL direction, or in the first horizontal 
direction H1 of extension of the bit lines (along the x axis). A 
detailed progression of this programming operation will now 
be provided. 

Initially, the memory cells constituting the first cell String 
coupled to, or associated with, the string select line SSL are 
selected for programming by enabling the string select line 
SSL. The LSB of the data to be programmed in the memory 
cell connected to SSL0 and in the first layer is programmed, 
as indicated by program number 1. 

Next, the memory cells constituting the second cell String 
that are associated with the string select line SSL are selected 
for programming by enabling the string select line SSL. The 
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LSB of the data to be programmed in the memory cell con 
nected to SSL1 and in the first layer is programmed, as indi 
cated by program number 2. 

Next, the memory cells constituting the first cell String 
associated with the string select line SSL are selected for 
programming by enabling the string select line SSL. The 
LSB of the data to be programmed in the memory cell con 
nected to SSL0 and in a second layer is programmed, as 
indicated by program number 3. 

Next, the memory cells constituting the second cell String 
that are associated with the string select line SSL are selected 
for programming by enabling the string select line SSL. The 
LSB of the data to be programmed in the memory cell con 
nected to SSL1 and in the second layer is programmed, as 
indicated by program number 4. 

Next, the memory cells constituting the first cell String 
coupled to, or associated with, the string select line SSL are 
selected for programming by enabling the string select line 
SSL. The MSB of the data to be programmed in the memory 
cell connected to SSL0 and in the first layer is programmed, 
as indicated by program number 5. 

Next, the memory cells constituting the second cell String 
that are associated with the string select line SSL are selected 
for programming by enabling the string select line SSL. The 
MSB of the data to be programmed in the memory cell con 
nected to SSL1 and in the first layer is programmed, as indi 
cated by program number 6. 

Next, the memory cells constituting the first cell String 
associated with the string select line SSL are selected for 
programming by enabling the string select line SSL. The 
LSB of the data to be programmed in the memory cell con 
nected to SSL0 and in a third layer is programmed, as indi 
cated by program number 7. 

Next, the memory cells constituting the second cell String 
that are associated with the string select line SSL are selected 
for programming by enabling the string select line SSL. The 
LSB of the data to be programmed in the memory cell con 
nected to SSL1 and in the third layer is programmed, as 
indicated by program number 8. 

Next, the memory cells constituting the first cell String 
coupled to, or associated with, the string select line SSL are 
selected for programming by enabling the string select line 
SSL. The MSB of the data to be programmed in the memory 
cell connected to SSL0 and in the second layer is pro 
grammed, as indicated by program number 9. 

Next, the memory cells constituting the second cell String 
that are associated with the string select line SSL are selected 
for programming by enabling the string select line SSL. The 
MSB of the data to be programmed in the memory cell con 
nected to SSL1 and in the second layer is programmed, as 
indicated by program number 10. 

Following the programming of memory cells in the first 
group, associated with string selection lines SSL0, SSL1 and 
as represented by program numbers 1-12, programming 
of memory cells in the second group associated with String 
selection lines SSL2, SSL3 and represented by program num 
bers 13-24 is performed. Programming of additional 
memory cells in the array continues in this manner. 

Referring to the above programming progression, program 
number 2 of the associated first memory cell is performed 
before program number 3 of the associated second memory 
cell. This is followed by the second programming of the first 
memory cell by program number 6’ According to this sce 
nario, the first and second memory cells can be said to neigh 
bor each other in a “diagonal direction; in this case, both in 
the horizontal direction along the X-axis and in the vertical 
direction along the y-axis. In other programming operations, 
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the first and second cells being programmed can be said to 
neighbor each other in other diagonal directions, for example, 
in both the horizontal direction along the Z-axis and in the 
Vertical direction along the y-axis, and in both the horizontal 
direction along the X-axis and the horizontal direction along 
the Z-axis. 

According to the embodiment of FIG. 9, a multi-bit pro 
gramming operation is performed in a manner that ensures 
that MSB programming of a first cell does not occur prior to 
LSB programming of a second cell that neighbors the first cell 
in the word-line direction, or in the vertical direction. The 
multi-bit programming operation of FIG. 9 is also further 
performed in a manner that ensures that MSB programming 
of a first cell does not occur prior to LSB programming of a 
second cell that neighbors the first cell in the string select line 
SSL direction, or in the first horizontal direction (along the 
X-axis). This programming method eliminates or mitigates 
cell coupling that can otherwise occur between cells that 
neighbor each other in the vertical direction or neighbor each 
other in the first horizontal direction. 

For effective and efficient utilization of a plurality of 
memory cells, cell arrays can be grouped into relatively small 
Sub-blocks. This multi-bit programming by grouping some 
portions of cell array is in conformity with Such grouping of 
the memory cells of the array into sub-blocks. 

FIG. 10 is a schematic diagram illustrating another pro 
gramming method for multi-bit programming in a three-di 
mensional memory device. 

According to certain embodiments, multi-bit program 
ming memory cells of strings may be performed in alternating 
or repeating order. For example, referring to FIG. 10, LSB 
programming of a memory cell of a cell string associated with 
SSL0 and of a first layer is first performed as represented by 
program number 1, and then LSB programming of a 
memory cell of a cell string associated with SSL2 and of the 
first layer is performed as represented by program number 
2. Next, LSB programming of a memory cell of a cell string 
associated with SSL1 and of the first layer is performed as 
represented by program number 2. This is followed by LSB 
programming of a memory cell of a cell String associated with 
SSL3 and of the first layer. Following LSB programming of 
memory cells of the first layer according to program numbers 
1-4, LSB programming of memory cells of the second 

layer is performed in the same order as the LSB programming 
of memory cells of a first layer, according to program num 
bers 5-8. Following LSB programming of memory cells of 
the second layer according to program numbers 5’-8, MSB 
programming of memory cells of the first layer are performed 
in the same order as LSB programming of memory cells of a 
first layer, according to program numbers 9-12. Program 
ming of memory cells in the array continues in this manner. 

According to the embodiment of FIG. 10, a multi-bit pro 
gramming operation is performed in a manner that ensures 
that MSB programming of a first cell does not occur prior to 
LSB programming of a second cell that neighbors the first cell 
in the word-line direction, or in the vertical direction. The 
multi-bit programming operation of FIG. 10 is also per 
formed in a manner that ensures that MSB programming of a 
first cell does not occur prior to LSB programming of a 
second cell that neighbors the first cell in the string select line 
SSL, or in the first horizontal direction (along thex axis). This 
programming method eliminates or alleviates cell coupling 
that can otherwise occur between cells that neighbor each 
other in the vertical direction or neighbor each other in the 
first horizontal direction. 
The multi-bit programming operation of the embodiment 

of FIG. 10 can be applied, for example, to a VNAND having 
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a vertical active channel that is configured in a bar shape, for 
example, of the type illustrated above in FIG. 5. In such a 
configuration, referring to FIG. 10, optionally, word lines 
controlling the programming of cell Strings associated with 
SSL0 and SSL2 can be coupled to each other and word lines 
controlling the programming of cell Strings associated with 
SST1 and SST3 are coupled to each other. This configuration 
and programming schedule can help to mitigate cell-to-cell 
disturbance, in VNAND devices having bar-shaped vertical 
active regions. 

FIG. 11 is a schematic diagram illustrating another pro 
gramming method for multi-bit programming in a three-di 
mensional memory device. As illustrated in FIG. 11, multi-bit 
programming of memory cells of strings can be performed in 
a repeating order of three. The programming order and opera 
tions are otherwise similar to those described above in con 
nection with FIG. 10. 

Invarious embodiments, all bit lines can be selected for this 
embodiment of multi-bit programming. Alternatively, some 
of bit lines that are associated with a string selection line SSL, 
for example, either of even or odd bit lines may be selected for 
the programming of associated memory cells and then the 
other of even or odd bit lines are subsequently selected for the 
programming of associated memory cells. 

FIG. 12 is a schematic diagram illustrating another pro 
gramming method for multi-bit programming in a three-di 
mensional memory device. As illustrated in FIG. 12, accord 
ing to another embodiment of the present invention, memory 
cells can be multi-bit programmed in the horizontal direction 
of the string selection lines SSL (in the direction along the 
X-axis) 

Initially, the memory cells constituting the first cell string 
coupled to, or associated with, the string select line SSL are 
selected for programming by enabling the string select line 
SSL. The LSB of the data to be programmed in the memory 
cell associated with SSL and in the first layer is programmed, 
as indicated by program number 1. 

Next, the memory cells constituting the second cell String 
that are coupled to, or associated with, the string select line 
SSL are selected for programming by enabling the string 
select line SSL. The LSB of the data to be programmed in the 
memory cell associated with SSL and in the first layer is 
programmed, as indicated by program number 2. 

Next, the memory cells constituting the first cell String 
coupled to, or associated with, the string select line SSL are 
selected for programming by enabling the string select line 
SSL. The MSB of the data to be programmed in the memory 
cell associated with SSL and in the first layer is programmed, 
as indicated by program number 3. 

Next, the memory cells constituting the third cell string that 
are coupled to, or associated with, the string select line SSL 
are selected for programming by enabling the string select 
line SSL. The LSB of the data to be programmed in the 
memory cell associated with SSL and in the first layer is 
programmed, as indicated by program number 4. 

Next, the memory cells constituting the second cell String 
that are coupled to, or associated with, the string select line 
SSL are selected for programming by enabling the string 
select line SSL. The MSB of the data to be programmed in 
the memory cell associated with SSL and in the first layer is 
programmed, as indicated by program number 5. 

Next, the memory cells constituting the fourth cell string 
that are coupled to, or associated with, the string select line 
SSL are selected for programming by enabling the string 
select line SSL. The LSB of the data to be programmed in the 
memory cell associated with SSL and in the first layer is 
programmed, as indicated by program number 6. 



US 8,767,473 B2 
17 

Next, the memory cells constituting the third cell string that 
are coupled to, or associated with, the string select line SSL 
are selected for programming by enabling the string select 
line SSL. The MSB of the data to be programmed in the 
memory cell associated with SSL and in the first layer is 
programmed, as indicated by program number 7. 

Next, the memory cells constituting the fourth cell string 
that are coupled to, or associated with, the string select line 
SSL are selected for programming by enabling the string 
select line SSL. The MSB of the data to be programmed in 
the memory cell associated with SSL and in the first layer is 
programmed, as indicated by program number 8. 

Following the programming of memory cells in the first 
layer, as represented by program numbers 1-8, program 
ming of memory cells in the second layer represented by 
program numbers 9-16 is performed. Programming of 
additional memory cells in the array continues in this manner. 

Invarious embodiments, all bit lines can be selected for this 
embodiment of multi-bit programming. Alternatively, some 
of bit lines that are associated with a string selection line SSL, 
for example, either of even or odd bit lines may be selected for 
the programming of associated memory cells and then the 
other of even or odd bit lines are subsequently selected for the 
programming of associated memory cells. 

FIG. 13 is a schematic diagram illustrating another pro 
gramming method for multi-bit programming in a three-di 
mensional memory device. In this embodiment, a cell array, 
or a memory block can be partitioned into a plurality of 
Sub-blocks. In the present example, the memory cells of a 
memory block MB are partitioned into a first sub-block 100L 
and a second sub-block 100R. The number of string selection 
lines SSL0-SSL3 of the first sub-block 100L may be equal to 
or different from that of the number of string selection lines 
SSLa-SSLd of the second sub-block 100R. Memory cells in 
either of sub-blocks 100L. 100R can be programmed accord 
ing to any of the various programming operations described 
herein, or, alternatively, according to a combination of the 
programming operations described herein. 
A distinguishable difference in programming speed for 

programming MSB and LSB data can adversely influence 
overall device performance. In general, the programming 
speed of LSB data is higher than the programming speed of 
MSB data, for a given cell. Thus, as the number of memory 
cells in an array increases, the programming speed among 
cells of the same plane within a block may not be uniform. 
The present embodiment mitigates or eliminates a discrep 
ancy in programming operation speed that can occur due to 
differences in the programming of LSB and MSB informa 
tion in the memory by partitioning the array into Sub-blocks. 

FIG. 14 is a schematic diagram illustrating another pro 
gramming method for multi-bit programming in a three-di 
mensional memory device which sub-blocks are formed hori 
Zontally. In this embodiment, a cell array, or a memory block 
can be partitioned into a plurality of horizontal sub-blocks. In 
the present example, the memory cells of a memory block 
MB are partitioned into a first sub-block 100T and a second 
sub-block 100B. The number of layers of memory cells of the 
first sub-block 100T may be equal to or different from that of 
the number of layers of memory cells of the second sub-block 
100B. Memory cells in either of sub-blocks 100T, 100B can 
be programmed according to any of the various programming 
operations described herein, or, alternatively, according to a 
combination of the programming operations described 
herein. In modified embodiments of a three dimensional 
device of the present invention, dummy cell transistors can be 
employed in certain positions of a given cell String CSTR. 
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The embodiment of FIG. 14 is suited well for devices in 

which horizontal grouping is advantageous. For example, this 
embodiment can be applied to a three dimensional device of 
the present invention in which one or more dummy cell tran 
sistors are disposed at a certain position of the cell String 
(CSTR) or to a device where one cell block is physically 
stacked on another cell block. 

FIG. 15 is a schematic diagram illustrating another pro 
gramming method for multi-bit programming in a three-di 
mensional memory device. In this embodiment, a cell array, 
or a memory block can be horizontally and vertically parti 
tioned into a plurality of Sub-blocks. In the present example, 
the memory cells of a memory block MB are partitioned into 
a first sub-block 100O1, a second sub-block 100O2, a third 
sub-block 100C3, and a fourth sub-block 100O4. The number 
of layers of memory cells of one sub-block 100O1-4 may be 
equal to or different from that of the number of layers of 
memory cells of another sub-block 100O1-4. Also the num 
ber of string selection lines SSL of one sub-block 100O1-4 
may be equal to or different from that of the number of string 
selection lines SSL of another sub-block 100O1-4. Memory 
cells in the sub-blocks 100O1-4 can be programmed accord 
ing to any of the various programming operations described 
herein, or, alternatively, according to a combination of the 
programming operations described herein. 

Three dimensional memory devices employing embodi 
ments of the present inventive concepts disclosed herein can 
be employed in various memory device applications. 

FIG.16 is a block diagram of a memory card that comprises 
a semiconductor device in accordance with the embodiments 
of the present invention. The memory card 1200 comprises a 
memory controller 1220 that generates command and address 
signals C/A and a memory module 1210 for example, flash 
memory 1210 that comprises one or a plurality of flash 
memory devices. The memory controller 1220 comprises a 
host interface 1223 that transmits and receives command and 
address signals to and from a host, a controller 1224, and a 
memory interface 1225 that in turn is transmits and receives 
the command and address signals to and from the memory 
module 1210. The host interface 1223, the controller 1224 
and memory interface 1225 communicate with controller 
memory 1221 and processor 1222 via a common bus. 
The memory module 1210 receives the command and 

address signals C/A from the memory controller 1220, and, in 
response, stores and retrieves data DATA I/O to and from at 
least one of the memory devices on the memory module 1210. 
Each memory device comprises a plurality of addressable 
memory cells and a decoder that receives the receives the 
command and address signals, and that generates a row signal 
and a column signal for accessing at least one of the addres 
sable memory cells during programming and read operations. 

Each of the components of the memory card 1200, includ 
ing the memory controller 1220, electronics 1221, 1222, 
1223, 1224, and 1225 comprised on the memory controller 
1220 and the memory module 1210 can employ memory 
devices that are programmable according to the inventive 
concepts disclosed herein. 

FIG. 17 is a block diagram of a memory system 1300 that 
employs a memory module 1310, for example, of the type 
described herein. The memory system 1300 comprises a pro 
cessor 1330, random access memory 1340, user interface 
1350 and modem 1320 that communicate via a common bus 
1360. The devices on the bus 1360 transmit signals to and 
receive signals from the memory card 1310 via the bus 1360. 
Each of the components of the memory system 1300, includ 
ing the processor 1330, random access memory 1340, user 
interface 1350 and modem 1320 along with the memory card 
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1310 can employ vertically oriented memory devices of the 
type disclosed herein. The memory system 1300 can find 
application in any of a number of electronic applications, for 
example, those found in consumer electronic devices such as 
solid state disks (SSD), camera image sensors (CIS) and 
computer application chip sets. 
The memory systems and devices disclosed herein can be 

packaged in any of a number of device package types, includ 
ing, but not limited to, ball grid arrays (BGA), chip scale 
packages (CSP), plastic leaded chip carrier (PLCC) plastic 
dual in-line package (PDIP), multi-chip package (MCP), 
wafer-level fabricated package (WFP), and wafer-level pro 
cessed stock package (WSP). 

While embodiments of the inventive concept have been 
particularly shown and described with references to preferred 
embodiments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made 
herein without departing from the spirit and scope of the 
inventive concept as defined by the appended claims. 
What is claimed is: 
1. A method of programming a nonvolatile memory device 

including strings extending from intersections of first through 
nth bit lines (n being an integer of 1 or more) and a plurality 
of String selection lines, each string including memory cells 
formed in a direction perpendicular to a substrate to have 
multiple layers of memory cells, wherein the perpendicular 
direction is a Y-direction, the string selection lines extend in a 
Z-direction and the bit lines extend in an X-direction, com 
prising: 
programming a first group of memory cells, corresponding 

to a part of the plurality of string selection lines, from 
among the memory cells at the multiple layers; and 

after the first group of the memory cells is all programmed, 
programming a second group of memory cells, corre 
sponding to remaining string selection lines, from 
among the memory cells at the multiple layers, 

wherein each of the programming a first group of memory 
cells and the programming a second group of memory 
cells comprises programming memory cells at each 
layer of an YZ plane with multi-bit data according to a 
shadow programming method, and 

wherein, where memory cells at an Nth layer (N being an 
integer of 1 or more) of the YZ plane are programmed, 
remaining memory cells at an XZ plane corresponding 
to the Nth layer are programmed before memory cells at 
another layer of the YZ plane are programmed. 

2. The program method of claim 1, wherein the part of the 
plurality of string selection lines comprises at least first, sec 
ond, and third string selection lines, and wherein 

the programming a first group of memory cells comprises 
sequentially performing a first programming operation on 

first memory cells at a first layer of the YZ plane and 
defined by the first string selection line and the first 
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through nth bit lines, a second programming operation 
on second memory cells, defined by the second string 
selection line and the first through nth bit lines, from 
among remaining memory cells located at an XZ plane 
corresponding to the first layer of the YZ plane, and a 
third programming operation on third memory cells, 
defined by the third string selection line and the first 
through nth bit lines, from among the remaining 
memory cells located at the XZ plane corresponding to 
the first layer of the YZ plane, and 

after the first through third programming operations, pro 
gramming memory cells at a second layer of the YZ 
plane and in the first group. 

3. The program method of claim 2, wherein the remaining 
String selection lines comprise at least fourth, fifth, and sixth 
string selection lines, and wherein 

the programming a second group of memory cells com 
prises 

sequentially performing a fourth programming operation 
on fourth memory cells at a first layer of the YZ plane 
and defined by the fourth string selection line and the 
first through nth bit lines, a fifth programming operation 
on second memory cells, defined by the fifth string selec 
tion line and the first through nth bit lines, from among 
remaining memory cells located at an XZ plane corre 
sponding to the first layer of the YZ plane, and a sixth 
programming operation on third memory cells, defined 
by the sixth string selection line and the first through nth 
bit lines, from among the remaining memory cells 
located at the XZ plane corresponding to the first layer of 
the YZ plane, and 

after the fourth through sixth programming operations, 
programming memory cells at a second layer of the YZ 
plane and in the second group. 

4. The program method of claim3, wherein the bit lines are 
arranged to be vertical to the YZ plane, and the bit lines are 
activated simultaneously when memory cells of the Nth layer 
of the YZ plane in the first group or the second group are 
programmed. 

5. The program method of claim3, wherein the bit lines are 
arranged to be vertical to the YZ plane and are divided into a 
first group and a second group, and the bit lines are activated 
by a group unit when memory cells of the Nth layer of theYZ 
plane are programmed. 

6. The program method of claim3, wherein, in the shadow 
programming method on each of the first and second groups, 
before upper bit data is programmed at memory cells at the 
Nth layer of theYZ plane, memory cells at a (N-1)th layer of 
the YZ plane are programmed by lower and upper bit data and 
memory cells at a (N+1)th layer of the YZ plane are pro 
grammed by lower bit data. 


